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(57) ABSTRACT

An aircraft water tank includes a conical surface of a skirt
portion and a conical surface of an inner liner attached
together using an adhesive, with an identical adhesive used
in forming a fiber-reinforced resin layer on the inner liner via
a filament winding method. When attaching with the adhe-
sive, the adhesive 1s expelled at the outer circumierential
edge of the skart portion from between the conical surface of
the skirt portion and the conical surface of the inner liner.
Reinforcement fibers are applied on top of the protruding
adhesive, and the adhesive impregnates 1nto the reinforce-
ment fibers. The protruding adhesive and the reinforcement
fibers form a reinforcing member which connects a uniform
stress surface of the skirt portion to a uniform stress surface
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of the mnmer liner located radially outward of the skart
portion.
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AIRCRAFT WATER TANK AND METHOD
FOR MANUFACTURING SAME

TECHNICAL FIELD

The present technology relates to an aircrait water tank
and a method for manufacturing the same.

BACKGROUND ART

Conventionally, an aircraft water tank includes a tank
body including an inner liner and a fiber-reinforced resin
layer covering the inner liner, and the tank body includes a
cylindrical portion and dome portions provided on both
sides of the cylindrical portion.

In the aircraft water tank, an opeming for cleaming the
inside of the tank body 1s provided 1n the center of the dome
portions on both sides. The opening includes a metal mouth-
piece fitted to the center of the dome portion and a lid
detachably joined to the mouthpiece via an O-ring.

The mouthpiece includes a tubular portion formed with a
temale thread to which a male thread of the lid 1s screwed
and a skirt portion that widens outward 1n the radial direction
of the tubular portion from the end portion of the tubular
portion. The mner liner 1s attached to an inner circumier-
ential surface of the skirt portion with adhesive and the
fiber-reinforced resin layer is attached to an outer circum-
ferential surface of the skirt portion.

A radially outward outer circumierential portion of the
skirt portion gradually decreases in thickness as the skirt
portion progresses outward in the radial direction, and the
outer circumierential end 1s a section with a manufacturing
thickness.

For this reason, when the surface shape of the outer
circumierential surface of the skirt portion i1s formed, for
example, with a uniform tension curve, and the shape of the
dome portion which 1s formed only of the inner liner and the
fiber-reinforced resin layer, 1s formed with a uniform stress
surface, a level difference occurs at the section on the
fiber-reinforced resin layer 1n the vicinity of the skirt portion
outward of the skirt portion in the radial direction, because
the outer circumferential end of the skirt portion has a
thickness.

In an aircrait water tank, water 1nside 1s discharged from
a water supply tank port by feeding air through a pressur-
1zing tank port to increase the internal pressure.

Thus, when the cross-sectional shape of the dome portion
1s a non-contiguous shape that includes a level diflerence
due to the pressure being repeatedly applied to the aircrait
water tank, stress will concentrate locally which 1s disad-
vantageous 1n improving durability.

Thus, to improve durability, an outer circumierential
surface of the dome portion 1s required to be a smooth
continuous surface without a level difference.

Conventionally, the mner circumiferential surface of the
skirt portion and the outer circumiferential surface of the
inner liner are adhered with a urethane resin, and the
urethane resin expelled to the outer circumierential edge of
the skirt portion 1s wiped off. After the urethane resin 1s
cured, the level diflerence between the outer circumierential
end of the skirt portion and the outer circumierential surface
of the mner liner 1s filled with the epoxy-based adhesive.

The reason why the urethane resin 1s used for bonding the
inner circumierential surface of the skirt portion of the
mouthpiece and the outer circumierential surface of the
inner liner together 1s that, because the mouthpiece and the
inner liner are formed of materials having different elastic
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moduli, it was thought that when 1nner pressure 1s applied to
the tank, use of urethane-based adhesive having a small

clastic modulus would enable the stress generated between
the skirt portion of the mouthpiece and the inner liner to be
absorbed by the deformation of the adhesive.

In addition, the reason for using an epoxy-based adhesive
different from the urethane resin as an adhesive to fill the
level difference 1s as follows.

An operation to fill the level difference using an epoxy-
based adhesive on the mner liner 1s performed after bonding
the skirt portion to the inner liner using urethane resin. This
1s because using the same epoxy-based adhesive for filling
the level difference, which 1s the same adhesive used 1n
forming the fiber-reinforced resin layer on the inner liner
using the filament winding method, 1s advantageous 1n terms
of compatibility between the adhesives and improving adhe-
sion between the level difference filled-portion and the
fiber-reinforced resin layer.

To enhance the adhesiveness of the epoxy-based adhe-
s1ve, the urethane resin expelled to the outer circumierential
edge of the skirt portion 1s wiped ofl, and the level diflerence
1s filled with epoxy-based adhesive after waiting the time
(about one day) for the urethane resin to cure. As a result, the
process 1s complicated and disadvantageous in increasing
the efliciency for manufacturing the aircrait water tank.

Further, even when there 1s good compatibility between
the urethane resin and the epoxy-based adhesive, and the
urethane resin or the epoxy-based adhesive can be used to
{111 the level difference, waiting time for the adhesive bonded
to the mouthpiece to be cured 1s required for the following
reason.

Namely, a large level diflerence means that the volume of
the adhesive to {ill the level difference 1s large. Thus, 1t has
been diflicult to uniformly finish the level difference with
manual work only.

As a result, 1t has been necessary to set the mner liner on
the device that rotates the inner liner and fill the level
difference with adhesive while turning the inner liner, like a
potter’s wheel.

In this case, 1n order to mount the inner liner with the level
difference to be filled on the rotating device, 1t 1s necessary
that the mouthpiece and the mnner liner are already adhered
to each other and that the adhered mouthpiece 1s mounted to
a rotating device after a rotation part 1s attached to the
mouthpiece.

Thus, waiting time for the adhesive to be cured 1s required
aiter bonding the mouthpiece to the inner liner. Also, for the
above reason, 1t 1s not necessary to use the same type of
adhesive of the adhesive for the mouthpiece and the adhe-
sive for filling the level difference.

As a result of diligent research, the present inventors have
found that, even when the mouthpiece and the inner liner are
formed of matenials having different elastic moduli, and the
skirt portion of the mouthpiece and the inner liner are
bonded with an adhesive such as an epoxy-based adhesive
having a higher elastic modulus than urethane-based adhe-
s1ves, when mner pressure 1s applied to the tank, eflects on
the adhesives and the mmner liner was determined to be
minimal and negligible.

"y

SUMMARY

The present technology provides an aircrait water tank
with enhanced manufacturing etliciency and reduced cost,
and a method for manufacturing the same.

An embodiment of the present technology 1s an aircratt
water tank, including:
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a mouthpiece provided at a center of a dome portion, the
dome portion including an inner liner and a fiber-reinforced
resin layer,

the mouthpiece comprising;

a tubular portion penetrating through an opening of the
inner liner and the fiber-reinforced resin layer and to which
a lid 1s joined; and

a skirt portion extending radially outward, between the
inner liner and the fiber-reinforced resin layer, from an entire
outer circumierential portion of the tubular portion and
attached around the opening to the imner liner and the
fiber-reinforced resin layer with an adhesive; wherein

the mner liner comprises a first curved surface portion
attached to an inner circumierential surface of the skart
portion and a second curved surface portion located radially
outward of the skirt portion;

the first curved surface portion 1s attached to an inner
circumierential surface of the skirt portion with an 1dentical
adhesive as that used 1n attaching the fiber-reinforced resin
layer to the mnner liner;

reinforcing fibers are provided at a portion of the second
curved surface portion 1n a vicinity of an outer circumier-
ential end of the skirt portion via the adhesive expelled from
between an iner circumierential surface of the skirt portion
and the first curved surface portion radially outward of the
skirt portion; and

the adhesive expelled and the reinforcing fibers constitute
a reinforcing member for connecting an outer circumieren-
tial surface of the skirt portion and the second curved surface
portion of the inner liner 1n a continuous manner.

Another embodiment of the present technology 1s method
for manufacturing an aircrait water tank, the method com-
prising:

providing a mouthpiece at a center of a dome portion, the
dome portion comprising an inner liner and a fiber-rein-
forced resin layer,

the mouthpiece including;

a tubular portion penetrating through an opeming of the
inner liner and the fiber-reinforced resin layer and to which
a lid 1s joined, and

a skirt portion extending radially outward, between the
inner liner and the fiber-reinforced resin layer, from an entire
outer circumierential portion of the tubular portion and
attached around the opening to the inner liner and the
fiber-reinforced resin layer with an adhesive; wherein

the inner liner 1s formed with a first curved surface portion
attachable to an inner circumierential surface of the skirt
portion and a second curved surface portion located radially
outward of the skirt portion;

the first curved surface portion 1s attached to an inner
circumierential surface of the skirt portion with an 1dentical
adhesive as that used in attaching the fiber-reinforced resin
layer to the mnner liner;

reinforcing fibers are provided at a portion of the second
curved surface portion in a vicinity ol an outer circumier-
ential end of the skirt portion via the adhesive expelled from
between an inner circumierential surface of the skirt portion
and the first curved surface portion radially outward of the
skirt portion; and

the adhesive expelled and the reinforcing fibers constitute
a reinforcing member for connecting an outer circumieren-
tial surface of the skirt portion and the second curved surface
portion of the inner liner 1n a continuous manner.

According to the present technology, by forming the outer
circumierential surface of the dome portion with a curved
surface having no level diflerence, stress concentration can
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be suppressed, which 1s advantageous in increasing the
durability of the aircraft water tank that 1s subjected to
repeated pressure.

In addition, the time to wait to cure the adhesive and the
operation to wipe oll the adhesive expelled to the outer
circumierential edge of the skirt portion, which have been
required 1n the process of adhering the inner liner to the skart
portion, becomes unnecessary. The process of adhering the
inner liner to the skirt portion and the process of attaching
the reinforcing material may be performed 1n a single step.
This 1s advantageous i1n increasing work efliciency and
reducing cost.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view ol an aircrait water tank
according to a first embodiment.

FIG. 2 1s a cross-sectional view taken along line A-A 1n
FIG. 1.

FIG. 3A 1s an enlarged view of a main portion of a
mouthpiece and a lid 1n a state 1n which the mouthpiece and
the lid are separated from each other in the aircrait water
tank according to the first embodiment, and FIG. 3B 1s an
enlarged view of a main portion of the mouthpiece and the
lid 1n which the mouthpiece and the lid are joined, and the
bent portion of the inner liner 1s located radially outward of
the skart portion of the mouthpiece.

FIG. 4A 1s an enlarged view of a main portion of a
mouthpiece and a lid 1n a state 1n which the mouthpiece and
the hid are separated from each other in the aircraft water
tank according to a second embodiment, and FIG. 4B 1s an
enlarged view of a main portion of the mouthpiece and the
lid 1n which the mouthpiece and the lid are joined, and the
bent portion of the mner liner 1s located radially inward of
the skirt portion of the mouthpiece.

DETAILED DESCRIPTION

First Embodiment

Heremalter, an aircrait water tank according to an
embodiment of the present technology will be described
together with a method for manufacturing the same.

First, a first embodiment will be described with reference

to FIGS. 1 to 3.

As 1llustrated 1n FIGS. 1 and 2, an aircraft water tank 10
installed 1 an aircraft and containing drinking water
includes a tank body 12. The interior of the tank body 12 1s
a water containing space 12A.

The tank body 12 includes a cylindrical portion 14 and
dome portions 16 provided on both sides of the cylindrical
portion 14. In the present embodiment, the outer circumier-
ential surface of the dome portion 16 1s formed with a
uniform stress surface.

An opening 18 for cleaning the interior of the tank body
12 1s provided at the center of the dome portion 16 on either
side, and the opening 18 1s opened and closed by a lid 34.

Furthermore, a water supply tank port 15A communicat-
ing with the interior of the tank body 12 1s provided at a
lower portion of the cylindrical portion 14, and a pressur-
1zing port 158 for pressurizing the interior of the tank body
12, a pressure switching port 15C, a water injection port 15D
for supplying water to the tank body 12, and an overtlow
port 15E for discharging overflowed water are provided on
an upper portion of the cylindrical portion 14.
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As 1llustrated 1n FIG. 2, the tank body 12 includes an inner
liner 22 forming the mner surface of the aircraft water tank
10 and a fiber-reinforced resin layer 24 covering the outer
surface of the inner liner 22.

The mner liner 22 forms a hollow body forming the
contour of the aircrait water tank 10 and 1s formed by blow
molding. The blow molding involves melting a synthetic
resin into a pipe-like shape, inserting the pipe into a mold,
and pumping air into the interior of the pipe to obtain a
molded product.

For the inner liner 22, various known FDA (Food and
Drug Administration)-certified materials can be used, such
as a polymer alloy resin, which 1s a thermoplastic resin,
contaiming polyphenylene ether or polystyrene.

The fiber-reinforced resin layer 24 1s formed via a fila-
ment winding method 1n which reinforcing fibers (filaments)
impregnated with a thermosetting resin, are wound around
the outer circumierential surface of the inner liner 22.

Various known synthetic resins such as epoxy resin can be
used as the thermosetting resin. Various known fibers such
as carbon fibers or glass fibers can be used as the reinforcing

fibers.

The opening 18 1s formed by an annular mouthpiece 26
attached between both ends of the inner liner 22 and both
ends of the fiber-reinforced resin layer 24. When the aircraft
water tank 10 1s used, the opening 18 1s closed off by the lid
34.

The mouthpiece 26 1s made of metal and includes a
tubular portion 30 disposed at the center of the dome portion
16 and a skirt portion 32 widening outward in a radial
direction of the tubular portion 30 from the end portion of
the tubular portion 30.

As 1llustrated 1n FIGS. 3A and 3B, a female thread 36 1s
provided, at the inner circumierential portion of the tubular
portion 30, as a mouthpiece-side joint portion to which the
lid 34 1s joined at a section away from the tank body 12 1n
the axial center direction of the tubular portion 30.

In addition, a bulging portion 38 i1s provided at the inner
circumierential portion of the tubular portion 30 at a section
close to the tank body 12 1n the axial center direction of the
tubular portion 30.

The bulging portion 38 bulges further inward 1n the radial
direction than the inner diameter of the female thread 36.
The surface of the bulging portion 1s formed as a curved
surface projecting inward 1n the radial direction, and the end
portion of the bulging portion 38 on the female thread 36
side 1s formed 1n a flat surface 3802 orthogonal to the axial
center direction of the female thread 36.

An mclined surface 40 that 1s positioned further inward 1n
the radial direction of the tubular portion 30 as it approaches
the tank body 12 in the axial center direction of the tubular
portion 30, 1s formed at the inner circumierential portion on
the female thread 36 side of the bulging portion 38.

In addition, a groove 42 having an inner circumierential
surface larger than the ridge diameter of the female thread 36
1s Tormed at the boundary section between the female thread
36 and the bulging portion 38 at the inner circumierential
portion of the tubular portion 30. This facilitates attaching an
end portion 2201 of the mner liner 22 to a flat surface 3804
of the bulging portion 38 orthogonal to the female thread 36.

Of the pair of opposing side surfaces constituting the
groove 42, a side surface 4202 on the bulging portion 38 side
and the flat surface 3802 on the end portion on the bulging
portion 38 side are located on the same plane and extend on
a plane orthogonal to the axial center direction of the female

thread 36.
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6
The mner circumierential portion of the flat surface 3802
1s the flat surface 3804 which runs in a direction away from
the female thread 36 by the thickness of the inner liner 22,
and the flat surface 3804 1s connected to the inclined surface
40. The flat surface 3804 1s located at a section located
radially inward of the female thread 36.

The female thread 36, bulging portion 38, and groove 42
are Tormed coaxially.

The inner diameter of the skirt portion 32 gradually
increases as the skirt portion progresses away from the
bulging portion 38 and the thickness of the skirt portion 32
gradually decreases as the skirt portion progresses away
from the bulging portion 38. The outer circumierential end
of the skirt portion 32 is thinner than that known 1n related
art but still has a manufacturing thickness.

The outer circumierential surface of the skirt portion 32 1s
formed as a uniform stress surface 3202, and the inner
circumierential surface 1s formed as a conical surface 3204.

The 1mnner liner 22 obtained by blow molding 1s formed as
a uniform stress surface portion 2202 located radially out-
ward of the skirt portion 32, and the imaginary extended face
of the uniform stress surface portion 2202 1s connected to the
uniform tension curved surface 3202 of the skirt portion 32.

Further, the inner liner 22 i1s formed as a conical surface
portion 2204 located radially inward of the entire outer
circumierence of the skirt portion 32, formed as a bent
portion 2206 at the boundary section between the uniform
stress surface portion 2202 and the conical surface portion
2204, and formed as a cylinder portion 2208 located radially
inward of the bulging portion 38.

Thus, 1n the present embodiment, a first curved surface
portion 1s formed as the conical surface portion 2204,
attached to the inner circumierential surface (conical surface
3204) of the skart portion 32. In addition, a second curved
surface portion located radially outward of the skirt portion
32 1s formed 1including the portion of conical surface portion
2204 located radially outward of the skirt portion 32, and the
uniform stress surface portion 2202 connected via the bend-
ing portion 2206 at the portion of the conical surface portion
2204 located outward in the radial direction of the skirt
portion 32.

The 1nner liner 22 obtained by blow molding 1s, through
the cylinder portion 2208, inserted into the interior of the
bulging portion 38, and attached to the surface of the bulging
portion 38 from the inner circumierential surface (conical
surface 3204) of the skirt portion 32.

Note that, the conical surface portion 2204 of the inner
liner 22 and the conical surface 3204 of the skirt portion 32
are attached with an adhesive, the cylinder portion 2208 to
the end portion 2201 of the inner liner 22 are attached to the
inner circumierence surface of the bulging portion 38, the
inclined surface 40, and the flat surface 3804 through
thermal processing, and the surface of the end portion 2201
of the mner liner 22 rests on the same plane as the flat
surface 3802.

In a present embodiment, the mner circumierential sur-
face of the skirt portion 32 and the mmner circumierential
surface of the bulging portion 38 on the skirt portion 32 side
are formed 1n a contiguous manner, such that the inner liner
22 may be smoothly attached across the mner circumieren-
tial surface of the skirt portion 32 through the surface of the
bulging portion 38.

Further, since the end portion of the mnner liner 22 can be
securely attached conforming to the shape of the entire
surface of the bulging portion 38 located radially inward of
the mouthpiece-side joint portion (female screw 36), this
allows the negative pressure applied to the interior of the
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tank to be mechanically (structurally) withstood rather than
by the adhesive strength, which 1s advantageous 1n enhanc-
ing the mechanical and structural strength of the end portion
of the mner liner 22. Further, 1t enables the end portion of the
iner liner 22 to be efliciently attached to the surface of the
bulging portion 38 located radially inward of the mouth-
piece-side joint portion (the female thread 36), and enables
whether the end portion of the mner liner 22 1s attached to
the surface of the bulging portion 38 to be visually con-
firmed easily from outside the mouthpiece 26, which is
advantageous in improving the efliciency of attaching the
inner liner 22 to the mouthpiece 26.

Further, since the flat surface 3804 1s located at a section
located radially inward of the female thread 36, 1t enables
the end portion 2201 of the inner liner 22 to be attached to
the flat surface 3804 efﬁmently, and whether the end portion
2201 of the mner liner 22 1s attached to the flat surtface 3804
to be visually confirmed easily from outside the mouthpiece
26, improving the efliciency of attaching the inner liner 22
to the mouthpiece 26.

The 11d 34 includes an annular plate portion 44, a cylinder
46 protruding from the inner circumierential portion of one
end surface of the annular plate portion 44 1n the thickness
direction, and an end surface portion 48 connecting the distal
end of the cylinder portion 46.

A male thread 50 1s formed as a lid-side joint portion to
be joined to the mouthpiece-side joint portion on the outer
circumierential portion of the annular plate portion 44, and
the male thread 50 can be screwed into the female thread 36.

In addition, an O-ring 52 1s mounted as a seal member at
a section on the outer circumierential surface of the cylin-
drical portion 46 close to the end face.

A water contaiming space 12A closed 1nside the tank body
12 1s formed as the opening 18 1s closed in a liquid-tight
manner, due to the O-ring 52 being compressed between a
portion of the lid 34 protruding from the female thread 36
into the interior of the tank body 12 and the portion of the
inner liner 22 attached to the surface of the bulging portion
38, in a state 1n which the lid 34 1s joined to the opening 18
via the male thread 50 and the female thread 36 engaging.

In the present embodiment, 1n a state 1n which the opening,
18 1s closed by the l1id 34, the end portion 2201 of the inner
liner 22 1s located at a section of the bulging portion 38 that
1s farther from the water containing space 12A than a section
where the O-ring 52 1s compressed. Thus, since the end
portion 2201 of the inner liner 22 1s positioned outside the
water containing space 12A, this favorably prevents the
pressure of the drinking water from peeling off the inner
liner 22, and i the event where 1t 1s peeled off, this is
advantageous 1 eliminating the risk of water entering and
seeping out.

In the present embodiment, an embodiment 1n which the
mouthpiece-side joint portion i1s formed with the female
thread 36 and the lid-side joint portion i1s formed with the
male thread 50 has been described. However, in another
embodiment of the present technology, the mouthpiece-side
joint portion 1s formed with a male thread, the lid side joint
portion 1s formed with a female thread, or the lid 34 1s
covered with the tubular portion 30.

In the present embodiment, the inner liner 22 obtained by
blow molding 1s formed with the uniform stress surface
portion 2202 located radially outward of the skirt portion 32,
and formed with the conical surface portion 2204 located
radially inward of the skirt portion 32.

Thus, 1n attaching the 1mnner liner 22 to the mner circum-
terential surface of the skirt portion 32, the conical surface
3204 which 1s the inner circumierential surface of the skart
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portion 32 and the conical surface portion 2204 of the inner
liner 22 are fit together, 1.e., both conical surfaces f{it
together, hence 1t 1s easier to align them and join them 1n a
secure manner with no air interposed therebetween over the
entire area and to bond them with an adhesive, compared to
the case 1n which uniform stress surfaces are fit together.

This 1s advantageous in increasing the manufacturing
productivity of the aircraft water tank 10.

The portion where the mner liner 22 1s attached to the
inner circumierential surface of the skirt portion 32 1s the
conical surface portion 2204, the portion of the inner liner 22
exposed radially outward of the skirt portion 32 is the
uniform stress surface portion 2202, and the bent portion
2206 occurs at the boundary section between the conical

surface portion 2204 and the uniform stress surface portion
2202.

In the first embodiment, the bent portion 2206 1s posi-
tioned radially outward of the skirt portion 32 1n the vicinity
of the outer circumierential end of the skirt portion 32.

The fiber-reinforced resin layer 24 i1s attached using the
fllament winding method, to the outer circumierential sur-
face of the skirt portion 32 across to the mner liner 22
portion exposed radially outward of the outer circumieren-
tial surface of the skirt portion 32.

When the shape of the outer circumierential surface of the
skirt portion 32 and the shape of the 1inner liner 22 exposed
radially outward of the skirt portion 32 are formed with
uniform stress surfaces, deformation of the tank dome line
at the time of winding the fiber-reinforced resin layer 24 1s
minimized, which 1s advantageous 1n maximizing the pres-
sure resistance performance.

For this reason, when the outer circumterential surface of
the skirt portion 32 1s formed with the uniform stress surface
3202 and the shape of the mnner liner 22 exposed radially
outward of the skirt portion 32 1s formed with the uniform
stress surface portion 2202, the outer circumierential surface
of the skirt portion 32 has a certain manufacturing thickness
though smaller than that known in the related art, hence a
level difference 1s formed at a section located radially
outward of the outer circumierential end of the skirt portion
32.

When the fiber-reinforced resin layer 24 1s wound using,
the filament winding method around the outer circumieren-
tial surface of the skirt portion 32 and the outer circumier-
ential surface of the imner liner 22 having such a level
difference, a level diflerence inevitably 1s formed on the
fiber-reinforced resin layer 24 at a section on the radially
outward outer circumierential end of the skirt portion 32.

In the present embodiment, a reinforcing member 58 1s
provided between the mner liner 22 and the fiber-reimnforced
resin layer 24 located radially outward of the skirt portion 32
so as not to form the above-described level difference.

Attachment of the reinforcing member 58 1s performed as
follows.

Namely, 1n adhering together the iner circumierential
surface of the skirt portion 32 and the outer circumierential
surface of the 1nner liner 22, as the adhesive 54, for example,
an epoxy resin which 1s the same epoxy adhesive as the
adhesive used 1n forming the fiber-reinforced resin layer 24
on the mner liner 22 by the filament winding method, 1s
used.

In the step of adhering together the inner circumierential
surface of the skirt portion 32 and the outer circumierential
surface of the inner liner 22 with an adhesive, the adhesive
54 (for example, epoxy resin) 1s expelled from between the
iner circumierential surface of the skirt portion 32 and the
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outer surface of the inner liner 22, onto the outer circum-
ferential edge of the skiart portion 32.

At this time, the remforcing fibers 56 are stuck on the
expelled adhesive 54, so that the reinforcing fibers 56 are
impregnated with the adhesive 54. When the adhesive 54 to
be impregnated 1nto the reinforcing fiber 56 1s 1nsuflicient,
the adhesive 34 1s further applied to the reinforcing fiber 56.

The outer circumierential end of the skirt portion 32 and
the outer circumierential surface of the inner liner 22 pro-
jecting radially outward of the skirt portion 32 are then
connected 1n a continuous manner by the expelled adhesive
54 and the reinforcing fiber 56.

When the expelled adhesive 54 cures, the cured adhesive
54 and the reinforcing fibers 56 constitute a reinforcing
member 58, and the reinforcing member 38 connects the
outer circumierential surface of the skirt portion 32 and the
outer circumierential surface of the mner liner 22 located
radially outward of the skirt portion 32 1n a continuous
manner. Namely, the reinforcing member 58 1s provided in
the vicinity of the outer circumierential end of the skirt
portion 32 located radially outward of the skirt portion 32,
and specifically, the reinforcing member 58 1s disposed on
the conical surface portion 2204 positioned radially outward
of the skirt portion 32, continuously connecting the outer
circumierential surface of the skirt portion 32 and the second
curved surface portion of the inner liner 22. In other words,
the uniform tension curved surface 3202 of the skirt portion
32 and the umiform stress surface portion 2202 of the inner
liner 22 are continuously connected.

As the remnforcing fiber 56, for example, a glass cloth can
be used. The glass cloth may be one glass cloth, or a plurality
of glass cloths layered on one another.

According to the present embodiment, since the outer
circumierential surface of the skirt portion 32 where the
filament winding 1s performed and the outer circumierential
surface of the mner liner 22 can be formed as continuous
surfaces without a level diflerence, air can be prevented
from being present between the two or the like, and the outer
circumierential surface of the dome portion 16 finished by
being wound up with the fiber-reinforced resin layer 24 1s
formed with a uniform stress surface having no level dii-
ference.

Thus, stress concentration can be suppressed, which 1s
advantageous 1n increasing the durability of the aircraft
water tank 10 repeatedly subjected to pressure.

In addition, the operation of wiping ofl the adhesive
expelled to the outer circumierential edge of the skirt portion
32 and the time to cure the adhesive used to adhere together
the skirt portion 32 and the mnner liner 22, which have been
required 1n the process of adhering the mner liner 22 to the
skirt portion 32, becomes unnecessary. The process of
adhering the inner liner 22 to the skirt portion 32 and the
process of attaching the reinforcing material 58 may be
performed 1n a single step. This 1s advantageous 1n increas-
ing work efliciency and reducing cost.

Further, i the present embodiment, the imaginary
extended surface of the uniform stress surface portion 2202
of the mner liner 22 i1s connected to the uniform tension
curved surface 3202 of the skirt portion 32, and since the
boundary section between the conical surface portion 2204
of the mnner liner 22 and the uniform stress surface portion
2202 1s located 1n the vicinity of the outer circumierential
end of the skart portion 32, the level diflerence occurring at
the outer circumierential end section located radially out-
ward of the skirt portion 32 1s smaller than that known in the
related art, and since the reinforcing fiber 56 that 1s 1mpreg-
nated with the adhesive 54 1s used, the volume of the
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adhesive needed for filling the level difference 1s decreased.
As a result, the task of filling the level difference can be

completed manually.

Thus, it 1s unnecessary to rotate the inner liner 22 by the
rotating device as 1t has been in the related art, and thus 1t
1s unnecessary to wait for the adhesive used to adhere the
mouthpiece 26 to the inner liner 22 to cure, which 1s
advantageous increasing working efliciency and reducing
COst.

Second Embodiment

Next, a second embodiment will be described with ref-
erence to FIGS. 4A and 4B.

Note that, this explanation of the second embodiment
shall focus on differences from the first embodiment. There-
fore, portions and members that are the same as 1n the first
embodiment have the same reference signs and their expla-
nations shall be omitted.

The second embodiment 1s different from the first
embodiment in that the bent portion 2206 1s positioned in the
vicinity of the outer circumierential end of the skirt portion
32 and radially inward of the skirt portion 32, and the 1inner
liner 22, 1n addition to being connected to the conical surface
portion 2204 via the bent portion 2206, includes a connec-
tion curved surface portion 2210 which 1s continuously
connected to the uniform stress surtace portion 2202. Other
points such as using an epoxy resin, for example, when
bonding the mnner circumierential surface of the skirt portion
32 and the outer circumierential surface of the inner liner 22,
as the adhesive 54, which 1s the same epoxy adhesive as the
adhesive used when forming the fiber-reinforced resin layer
24 on the mner liner 22 by the filament winding method, are
the same as in the first embodiment.

Namely, 1n the second embodiment, the first curved
surface portion attached to the inner circumierential surface
(conical surface 3204) of the skirt portion 32 1s formed with
the conical surface portion 2204.

The second curved surface portion located 1n a radially
outward of the skirt portion 32 1s formed including the
uniform stress surface portion 2202 located radially outward
of the skirt portion 32, and the connection curved surface
portion 2210 connected to the conical surface portion 2204
located radially inward of the skirt portion 32 through the
bent portion 2206, and connected to the umform stress
surface portion 2202 located radially outward of the skirt
portion 32 in a continuous manner.

Further, the imaginary extended surface of the uniform
stress surface portion 2202 1s connected to the uniform
tension curved surface 3202 of the skirt portion 32.

In the second embodiment, between the conical surface
3204 of the skirt portion 32 and the connection curved
surface portion 2210 of the inner liner 22, a space 60 1s
formed due to the difference in the curved shape radially
inward of the skirt portion 32 and radially outward of the
bent portion 2206.

For example, the connection curved surface portion 2210
1s formed when the bulge of the portion of the mner liner 22
positioned near the outer periphery of the skirt portion 32 in
forming of the 1mner liner 22 1s msuilicient and the conical
surface portion 2204 of the mner liner 22 1s msuilicient.

In the second embodiment, the adhesive 54 expelled
radially outward of the skirt portion 32, from between the
conical surface 3204 of the skirt portion 32 and the conical
surface portion 2204 of the inner liner 22 1s filled in the
space 60 formed from the difference in the curved surface
shape.
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Namely, 1n the process of bonding the conical surface
3204 of the skirt portion 32 and the conical surface portion
2204 of the 1nner liner 22 with the adhesive 54, the adhesive
54 1s expelled to the outer circumierential edge of the skirt
portion 32 from between the conical surface 3204 of the skirt
portion 32 and the conical surface portion 2204 of the inner
liner 22.

At this time, the expelled adhesive 34 {ills 1n the space 60
between the conical surface 3204 of the skirt portion 32 and
the connection curved portion 2210 of the inner liner 22
radially mmward of the skirt portion 32 and radially outward
of the bent portion 2206.

Further, outward of the skirt portion 32 in the radial
direction, reinforcing fibers 56 are applied over the expelled
adhesive 54 on the connection curved surface portion 2210
positioned radially outward of the skirt portion 32, such that
the reinforcing fibers 56 1s impregnated with the adhesive
54. Note that, when the adhesive 54 that fills in the space 60
between the conical surface 3204 of the skart portion 32 and
the connection curved surface portion 2210 of the inner liner
22, or the adhesive 54 that impregnates the reinforcing fiber
56 1s insuilicient, the adhesive 54 1s further supplied.

Then, the reinforcing member 58 1s provided on the
connection curved surface portion 2210 located radially
outward of the skirt portion 32 by the expelled adhesive 54
and the reinforcing fiber 56, and the reinforcing member 58
connects the uniform tension curved surface portion 3202 of
the skirt portion 32 and the uniform stress surface portion
2202 of the inner liner 22 located radially outward of the
skirt portion 32 1n a continuous mannetr.

The second embodiment can obtain an effect similar to
that of the first embodiment. Also, on the outer side of the
bent portion 2206 1n the radial direction, and between the
conical surface 3204 which 1s the mnner circumierential
surface of the skirt portion 32 and the connection curved
surface portion 2210 which 1s the outer circumierential
surface of the inner liner 22, the space 60 formed due to the
difference 1n these curved surface shapes 1s filled with the
expelled adhesive 54. Thus, the inner liner 22 can be aligne
and adhered to the inner circumierential surface of the skart
portion 32 without air entering between the two. This 1s
advantageous for enhancing the durability of the aircraft
water tank 10.

.

The invention claimed 1s:

1. An airrcraft water tank, comprising:

a mouthpiece provided at a center of a dome portion, the
dome portion comprising an mnner liner and a fiber-
reinforced resin layer,

the mouthpiece comprising;

a tubular portion penetrating through an opeming of the
inner liner and the fiber-reinforced resin layer and to
which a lid 1s joined; and

a skirt portion extending radially outward, between the
inner liner and the fiber-reinforced resin layer, from an
entire outer circumierential portion of the tubular por-
tion and attached around the opening to the inner liner
and the fiber-reinforced resin layer with an adhesive;
wherein

the mner liner comprises a first curved surface portion
attached to an mner circumierential surface of the skirt
portion and a second curved surface portion located
radially outward of the skirt portion;

the first curved surface portion 1s attached to the inner
circumierential surface of the skirt portion with an
identical adhesive as that used 1n attaching the fiber-
reinforced resin layer to the inner liner;
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reinforcing fibers are provided at a portion of the second
curved surface portion 1n a vicinity of an outer circum-
ferential end of the skirt portion via the adhesive
expelled from between the inner circumierential sur-
face of the skirt portion and the first curved surface
portion radially outward of the skirt portion; and

the adhesive expelled and the reinforcing fibers constitute
a reinforcing member for connecting an outer circum-
ferential surface of the skirt portion and the second
curved surface portion of the inner liner in a continuous
mannet.

2. The aircrait water tank according to claim 1, wherein

the outer circumiferential surface of the skirt portion is
formed as a unmiform stress surface, and the 1nner
circumierential surface of the skirt portion 1s formed as
a conical surface;

the first curved surface portion i1s formed as a conical
surface portion attachable to the conical surface of the
skirt portion;

the second curved surface portion comprises a portion of
the conical surface portion located radially outward of
the skirt portion, and a uniform stress surface portion
connected to a portion of the conical surface portion via
a bent portion radially outward of the skirt portion;

an 1maginary extended surface of the uniform stress
surface portion 1s connected to the uniform stress
surface of the skirt portion; and

the reimnforcing member 1s provided on the conical surface
portion located radially outward of the skirt portion.

3. The aircrait water tank according to claim 2, wherein

a bulging portion connected to the skirt portion and bulges
radially inward of the tubular portion i1s provided at a
section close to a tank body 1n an axial center direction
of the tubular portion at an inner circumierential por-
tion of the tubular portion;

a mouthpiece-side joint portion to which the lid 1s joined
1s provided at a section away from the tank body 1n the
axial center direction of the tubular portion at the inner
circumierential portion of the tubular portion;

the bulging portion i1s provided so as to further project
further radially inward than an nner diameter of the
mouthpiece-side joint portion;

the bulging portion comprises a surface facing a space
inside the mouthpiece-side joint portion at a section
close to the mouthpiece-side joint portion of the bulg-
ing portion in the axial center direction of the tubular
portion;

the mner liner 1s attached to a surface of the bulging
portion from the inner circumierential surface of the
skirt portion; and

an end portion of the inner liner 1s attached to a section of
the surface located further radially mmward than the
inner diameter of the mouthpiece-side joint portion.

4. The aircrait water tank according to claim 3, wherein

a groove comprising an inner circumierential surface
larger 1n dimension than an nner diameter of the
mouthpiece-side joint portion 1s formed at a boundary
section between the mouthpiece-side joint portion and
the bulging portion at the mner circumierential portion
of the tubular portion.

5. The aircraft water tank according to claim 1, wherein

the outer circumiferential surface of the skirt portion is
formed as a unmiform stress surface, and the 1nner
circumierential surface of the skirt portion 1s formed as
a conical surface;
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the first curved surface portion 1s formed as a conical
surface portion attached to the conical surface of the
skirt portion;

the second curved surface portion comprises a uniform
stress surface portion located radially outward of the
skirt portion, and a connection curved surface portion
of the mner liner connected to the comical surface
portion located radially inward of the skirt portion via
a bent portion and connected to the umform stress
surface portion located radially outward of the skirt
portion 1n a continuous manner;

an 1maginary extended surface of the uniform stress
surface portion 1s connected to the uniform stress
surface of the skirt portion;

radially inward of the skart portion and radially outward of
the bent portion, 1n a space between the conical surface
of the skirt portion and the connection curved surface
portion of the inner liner, the adhesive expelled radially
outward of the skirt portion from between the conical
surface of the skirt portion and the conical surface
portion of the inner liner 1s filled; and

the reinforcing member 1s provided on the connection
curved surface portion located radially outward of the
skirt portion.

6. The aircrait water tank according to claim 5, wherein

a bulging portion connected to the skirt portion and bulges
radially imnward of the tubular portion 1s provided at a
section close to a tank body 1n an axial center direction
of the tubular portion at an inner circumierential por-
tion of the tubular portion;

a mouthpiece-side joint portion to which the lid 1s joined
1s provided at a section away from the tank body 1n the
axial center direction of the tubular portion at the inner
circumierential portion of the tubular portion;

the bulging portion 1s provided so as to further project
further radially inward than an nner diameter of the
mouthpiece-side joint portion;

the bulging portion comprises a surface facing a space
inside the mouthpiece-side joint portion at a section
close to the mouthpiece-side joint portion of the bulg-
ing portion 1n the axial center direction of the tubular
portion;

the inner liner 1s attached to a surface of the bulging
portion from the inner circumierential surface of the
skirt portion; and

an end portion of the mner liner 1s attached to a section of
the surface located further radially mmward than the
inner diameter of the mouthpiece-side joint portion.

7. The aircrait water tank according to claim 6, wherein

a groove comprising an imner circumiferential surface
larger 1 dimension than an mnner diameter of the
mouthpiece-side joint portion 1s formed at a boundary
section between the mouthpiece-side joint portion and
the bulging portion at the mnner circumierential portion
of the tubular portion.

8. The aircraft water tank according to claim 1, wherein

a bulging portion connected to the skirt portion and bulges
radially inward of the tubular portion 1s provided at a
section close to a tank body 1n an axial center direction
of the tubular portion at an mnner circumierential por-
tion of the tubular portion;

a mouthpiece-side joint portion to which the lid 1s joined
1s provided at a section away from the tank body 1n the

10

15

20

25

30

35

40

45

50

55

60

14

axial center direction of the tubular portion at the inner
circumierential portion of the tubular portion;

the bulging portion i1s provided so as to further project
further radially imnward than an nner diameter of the
mouthpiece-side joint portion;

the bulging portion comprises a surface facing a space
inside the mouthpiece-side joint portion at a section
close to the mouthpiece-side joint portion of the bulg-
ing portion in the axial center direction of the tubular
portion;

the mner liner 1s attached to a surface of the bulging

portion from the inner circumierential surface of the
skirt portion; and

an end portion of the 1nner liner 1s attached to a section of
the surface located further radially mnward than the
inner diameter of the mouthpiece-side joint portion.

9. The aircrait water tank according to claim 8, wherein

a groove comprising an inner circumierential surface
larger in dimension than aft the inner diameter of the
mouthpiece-side joint portion 1s formed at a boundary
section between the mouthpiece-side joint portion and
the bulging portion at the mner circumierential portion
of the tubular portion.

10. A method for manufacturing an aircrait water tank, the

method comprising:

providing a mouthpiece at a center of a dome portion, the
dome portion comprising an mnner liner and a fiber-
reinforced resin layer,

the mouthpiece including;

a tubular portion penetrating through an opening of the
inner liner and the fiber-reinforced resin layer and to
which a lid 1s joined, and

a skirt portion extending radially outward, between the
inner liner and the fiber-reinforced resin layer, from an
entire outer circumierential portion of the tubular por-
tion and attached around the opening to the inner liner
and the fiber-reinforced resin layer with an adhesive;
wherein

the mner liner 1s formed with a first curved surface portion
attachable to an inner circumferential surface of the
skirt portion and a second curved surface portion
located radially outward of the skirt portion;

the first curved surface portion 1s attached to the inner
circumierential surface of the skirt portion with an
identical adhesive as that used 1n attaching the fiber-
reinforced resin layer to the inner liner;

reinforcing fibers are provided at a portion of the second
curved surface portion 1n a vicinity of an outer circum-
ferential end of the skirt portion via the adhesive
expelled from between the inner circumierential sur-
face of the skirt portion and the first curved surface
portion radially outward of the skirt portion; and

the adhesive expelled and the reinforcing fibers constitute
a reinforcing member for connecting an outer circum-
ferential surface of the skirt portion and the second
curved surface portion of the inner liner 1n a continuous
mannet.
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